Objectives: To evaluate the periprocedural characteristics and outcomes of patients supported with Impella 2.5 prior to percutaneous coronary intervention (pre-PCI) versus those who received it after PCI (post-PCI) in the setting of cardiogenic shock (CS) complicating an acute myocardial infarction (AMI). Background: Early mechanical circulatory support may improve outcome in the setting of CS complicating an AMI. However, the optimal timing to initiate hemodynamic support has not been well characterized. Methods: Data from 154 consecutive patients who underwent PCI and Impella 2.5 support from 38 US hospitals participating in the USpella Registry were included in our study. The primary end-point was survival to discharge. Secondary end-points included assessment of patients' hemodynamics and in-hospital complications. A multivariate regression model was used to identify independent predictors for mortality. Results: Both groups were comparable except for diabetes (P ¼ 0.02), peripheral vascular disease (P ¼ 0.008), chronic obstructive pulmonary disease (P ¼ 0.05), and prior stroke (P ¼ 0.04), all of which were more prevalent in the pre-PCI group. Patients in the pre-PCI group had more lesions (P ¼ 0.006) and vessels (P ¼ 0.01) treated. These patients had also significantly better survival to discharge compared to patients in the post-PCI group (65.1% vs.40.7%, P ¼ 0.003). Survival remained favorable for the pre-PCI group after adjusting for potential confounding variables. Initiation of support prior to PCI with Impella 2.5 was an independent predictor of in-hospital survival (Odds ratio 0.37, 95% confidence interval: 0.17-0.79, P ¼ 0.01) in multivariate analysis. The incidence of inhospital complications included in the secondary end-point was similar between the 2 groups. Conclusions: The results of our study suggest that early initiation of hemodynamic support prior to PCI with Impella 2.5 is associated with more complete revascularization and improved survival in the setting of refractory CS complicating an AMI. (J Interven Cardiol 2014;27:1-11) 
Introduction
Prompt revascularization with percutaneous coronary intervention (PCI) has significantly reduced the incidence of cardiogenic shock (CS) and improved survival in the setting of acute myocardial infarction (AMI). 1, 2 However, when it occurs, CS remains a highly fatal complication following an AMI, 3 despite aggressive revascularization and other adjunctive therapies. 3, 4 Percutaneous ventricular assist devices (pVADs) have been shown to provide superior hemodynamic support compared to intraaortic balloon pump (IABP) counterpulsation. 4, 5 In light of the recently reported studies that have failed to show a hemodynamic or survival benefit of IABP in the setting of post-AMI CS, [6] [7] [8] [9] [10] physicians might adopt a reflexive strategy to use pVADs in this setting more often. While prospective randomized and adequately powered clinical trials remain warranted to evaluate the potential benefits of these new devices, real-world observational data can be useful to provide clinical insights on their use in daily routine practice. In the present study, we sought to evaluate the current use of Impella 2.5 in patients with confirmed CS complicating an AMI undergoing PCI. In particular, we were interested in evaluating the outcomes of patients who received hemodynamic support with Impella 2.5 (Abiomed, Inc., Danvers, MA, USA), prior to PCI versus those who received Impella 2.5 after PCI.
Methods
Study Population. A total of 154 consecutive unselected patients who were reported in the USpella Registry to have undergone a PCI and Impella 2.5 hemodynamic support for a confirmed AMI with a CS indication were included in our study. The USpella Registry is an on-going multicenter voluntary registry open to all sites in the United States that have used the Impella 2.5 for all indications in more than 10 patients. Sites were invited to report all their consecutive Impella 2.5 cases without pre-selection of indication or patients. Between June 2009 and March 2012, 47 US sites had joined the USpella Registry. Of these, 38 sites had contributed 1 or more cases of patients who met the study inclusion criteria of CS complicating an AMI who underwent PCI. The remaining 9 sites reported no patients who met the study AMI with CS definition. The flow of patients is depicted in Figure 1 .
The diagnosis of AMI was confirmed by electrocardiographic changes indicative of new or presumed new ischemia (significant new ST-T changes or new left bundle branch block), the presence of elevated cardiac biomarker values or based on coronary angiography. CS was defined by the presence of the following criteria: (1) systolic blood pressure <90 mmHg for >30 min or the need for vasopressor and/or inotropic therapy and/or IABP to maintain a systolic blood pressure greater than 90 mmHg; (2) signs of organ hypoperfusion such as oliguria/anuria, altered mental status, or cold extremities. All study patients underwent a PCI. Patients who underwent other means of revascularization than PCI or etiologies of shock other than AMI were not included in this analysis.
Timing of Impella insertion was left at the operating physician's discretion. Coronary angiography and PCI were performed in a conventional manner. Patients were treated with drug-eluting stents and/or bare metal stents and/or percutaneous transluminal coronary angioplasty according to individual experience and local institutional guidelines. The number of vessels and lesions treated and the use of adjunctive therapies were left at the physician's discretion.
Study End-points. The primary end-point aimed to assess the potential difference in survival rate to discharge between patients who received Impella 2.5 pre-PCI and those who received it post-PCI. The secondary end-points included the assessment of patients' hemodynamics with Impella 2.5 support and in-hospital incidence of myocardial reinfarction, stroke, repeat revascularization, renal insufficiency, bleeding, hemolysis, limb ischemia, vascular complications requiring surgical repair, and infection. Myocardial reinfarction was defined as the recurrence of an MI distinct from the index event. Stroke was defined as an ischemic or hemorrhagic cerebrovascular accident that persisted beyond 24 hours or less than 24 hours associated with infarction on an imaging study. Renal insufficiency was defined as abnormal kidney function requiring dialysis (including hemofiltration) in patients who did not require dialysis prior to implant, or a rise in serum creatinine of greater than 2.5 mg/dL or greater than 2 times baseline. Bleeding was defined as blood loss requiring blood transfusion or surgical exploration for resolution. Hemolysis was defined by abnormal plasma free hemoglobin values greater than 40 mg/dL or presence of hematuria. Limb ischemia was reported whenever noted in the patient's chart as new incidences of hypoperfusion of the leg requiring treatment and marked by such symptoms as decreased skin temperature of the limb or decreased peripheral pulses. Vascular complication requiring surgical repair was defined as a surgical intervention on a pseudoaneurysm, an arteriovenous fistula, a vessel dissection/ perforation, or an access site thrombosis. Infection was defined as a clinical infection accompanied by pain, fever, drainage, and/or leukocytosis treated with nonprophylactic antimicrobial agents. Survival rate was reported at 30-day post-Impella implant when available at the time of data collection.
Device. The Impella 2.5 device (Abiomed, Inc.) has been described in detail elsewhere. 11 Briefly, the 12 Fr microaxial pump is mounted on a 9 Fr catheter. It is inserted through the femoral artery using a modified Seldinger technique. The pump is advanced retrogradely across the aortic valve into the left ventricle under fluoroscopy guidance. It generates up to 2.5 L/ min of forward flow directly in the ascending aorta. Heparinized dextrose fluid is purged through the pump and released in the general circulation at the usual rate of 4-12 mL/hr to prevent clot formation in the motor and early pump wear. The manufacturer recommends an activated thrombin time (ACT) of 160-180 seconds during pump support.
Data Collection. The USpella Registry was designed by an Executive Steering Committee and supervised by a Scientific Advisory Board that oversaw its ongoing conduct. The investigators had full access to the data. The registry protocol was reviewed and approved by the Institutional Review Board at each site. Investigators were asked to report in the registry all patients who had been supported with Impella 2.5 at their institution regardless of indication. Data were abstracted retrospectively from the medical record onto a standard case report form by the sites' study coordinators who were centrally trained. Information was collected retrospectively on patient's demographic characteristics, medical history, clinical presentation, hemodynamic, echocardiographic, and angiographic characteristics, treatment during hospitalization, hospital discharge status, and 30-day follow-up when available at the time of data collection. Data were monitored against source documentation to maximize accuracy. All patients reported in the registry that met the above definition of AMI CS and underwent PCI were included in the current analysis without preselection of patients or sites. An independent clinical event committee, consisting of 1 cardiovascular surgeon and 2 interventional cardiologists, adjudicated the in-hospital study end-points (all-cause of death, reinfarction, stroke, repeat revascularization, renal insufficiency, and vascular complications requiring surgical repair).
Statistical Analysis. Data are expressed as mean AE standard deviation (SD), median with quartiles or frequencies and percentages, as appropriate. Univariate analysis comparing Impella pre-PCI versus Impella post-PCI was performed with a chi-square test on discrete variables and with Student's t-test or Wilcoxon rank sum test for independent samples for continuous variables, as appropriate. Survival to discharge is reported as the proportion of patients who were discharged alive from the hospital. As a supporting analysis, a Kaplan-Meier estimate with a log-rank test was used to compare survival rates up to 30 days between patients who received Impella prior to PCI (pre-PCI) versus those who received Impella after PCI (post-PCI). Surviving patients were censored at 30 days or last known follow-up, whichever is earlier in this analysis. pre-PCI time interval was defined as time preceding the first PCI balloon inflation. post-PCI interval was defined as the time interval after first balloon inflation. A multivariate forward stepwise logistic regression analysis was performed to identify the strongest independent predictors for in-hospital mortality while adjusting for potential confounding variables; the model included baseline, procedural, and hemodynamic characteristics known to impact patient's outcome (see Results section for list of variables included in the model). A P-value of 0.05 was set as a forward stepping criterion to add sequentially variables from the model. All P values were 2-tailed and considered significant when P < 0.05. Data analysis was performed using JMP version 10.0 and SAS version 9.2 statistical software packages (SAS Institute, Inc., Cary, NC, USA).
Results
Between July 2008 and May 2012, a total of 154 consecutive unselected patients from 38 US hospitals received mechanical hemodynamic support with Impella 2.5 for CS complicating an AMI. Demographics and baseline characteristics are presented in Table 1 and Figure 2 . Of the 154 patients, 63.4% were in CS at admission, 48.9% were transferred from an outlying facility to the institution where they received Impella 2.5, and 22.5% had sustained 1 or multiple witnessed out-of-hospital cardiac arrests (OHCA). At the time of Impella insertion, 88.3% continued to be in sustained CS despite high-dose inotropes and/or IABP support. In the remaining patients (11.7%), the use of inotropes or IABP could not be documented in the case report forms.
[Correction added on 2 Jan 2014, after first online publication: In the first paragraph of the Results section, Impella 2.5% has been changed to Impella 2.5.]
A total of 63 patients received Impella 2.5 support prior to PCI (pre-PCI group, 40.9%) and 91 patients received Impella post-PCI (post-PCI group, 59.1%).
Patients presenting with an ST-segment elevation myocardial infarction (STEMI) were more likely to receive Impella after PCI (87.9% vs. 55.6%, P < 0.0001). The pre-PCI and post-PCI groups were similar in terms of baseline characteristics, duration of shock, extent of the infarct size (as determined by baseline plasma troponin level), and PCI success rate as measured by post-PCI TIMI grade flow 0-1, except for higher rate of diabetes (56.7% vs. 36.4%, P ¼ 0.02), peripheral vascular disease (PVD) (32.2% vs. 13.6%, P ¼ 0.0008), chronic obstructive pulmonary disease (COPD) (22.9% vs. 10.7%, P ¼ 0.05), and prior stroke (15.3% vs. 5.1%, P ¼ 0.04) in the pre-PCI group (Table 1 ). The number of inotropes prior to Impella use was similar between the 2 groups. Both groups had poor hemodynamics prior to Impella support but with a greater magnitude when the Impella insertion was delayed to after PCI despite the more frequent use of IABP in this group (Table 2) . Mechanical ventilation was required more often when Impella insertion was delayed after PCI (54.8% vs. 73.3%, P ¼ 0.02). More extensive revascularization was performed in patients who received Impella pre-PCI with more lesions (2.33 AE 1.40 vs. 1.77 AE 1.02, P ¼ 0.006), more vessels treated (1.57 AE 0.67 vs. 1.30 AE 0.57, P ¼ 0.01), and more stents placed (1.94 AE 1.15 vs. 1.47 AE 0.85, P ¼ 0.007) compared with patients who received Impella post-PCI. Trends for more complete revascularization in pre-PCI group were similar in both STEMI and NSTEMI groups.
Patients' hemodynamics improved significantly after initiation of hemodynamic support with Impella 2.5 to the same magnitude in both groups (Table 3 ). The median duration of support was similar between the 2 groups ( Table 2 ).
The overall survival rate to discharge was 50.7%. A higher survival rate was observed in the pre-PCI group as compared with post-PCI group (65.1% vs. 40.7%, P ¼ 0.003). Thirty-day follow-up data was reported for 145 (94.2%) patients (nine patients were lost to followup at 30-day visit). The Kaplan-Meier analysis confirmed the difference in mortality trends in favor of the pre-PCI group up to 30 days (57.4% vs. 38.2%, log-rank test P ¼ 0.004, Fig. 3 ). The odds ratio of discharge survival for Impella post-PCI versus pre-PCI was 0.37 (95% CI: 0.19-0.72), again indicating lower survival for Impella post-PCI vs. pre-PCI. Odds ratios remained consistently favorable to the Impella pre-PCI group, either significantly or with strong favorable trends, within subgroups based on baseline, procedural, and hemodynamic variables that could be perceived as confounding variables (Fig. 4) .
A multivariate forward stepwise logistic regression analysis was conducted to identify independent predictors of mortality in our study. Adjustments to correct for potential confounding variables in the model were made. The multivariate analysis model included the following as candidates for entry: age, gender, history of chronic obstructive pulmonary disease, prior to admission (P ¼ 0.03), and need for mechanical ventilation (P ¼ 0.0003) were found to be independent predictors for increased in-hospital mortality (Table 4) . There was no difference between the pre-PCI group and the post-PCI group in the occurrence of in-hospital complications included in the secondary end-point (Table 5) .
Discussion
This is the largest cohort to date documenting the use of Impella 2.5 in the setting of AMI complicated by CS. The analysis provides insight into the presentation, management, and outcomes of patients supported with Impella 2.5 at a large number of high-and low-volume PCI centers over multiple years, thus providing a fair representation of the current use of the device in routine practice in AMI CS across the United States. The results of our study showed that: (1) the use of Impella 2.5 was primarily restricted to a rescue population that failed to respond to conventional measures including inotropic and IABP support; and (2) although the risk for imminent death remained particularly high in this selected population, our findings suggest that the prompt use of Impella prior to PCI may significantly improve survival. Our study showed that patients who received Impella 2.5 in daily routine practice presented with greater risk features than those who were reported in recent AMI CS randomized trials, reflecting a higher mortality observed in routine practice. 12 Indeed, 21% of our study patients presented with anoxic brain damage and 38.2% had a shock duration >12 hours prior to Impella support. Thus, Figure 4 . Sub-group outcome to discharge. CS, cardiogenic shock; DBP, diastolic blood pressure; MAP, mean arterial pressure; MV, mechanical ventilation; NSTEMI, non-ST elevation myocardial infarction; PVD, peripheral vascular disease; SBP, systolic blood pressure. at least 38.2% of the patients included in our study would have been considered too sick and not eligible for enrollment in the IABP-SHOCK II trial. 6 Moreover, at presentation, the incidences of diabetes (44.6% vs. 35.4%, P ¼ 0.05), prior MI (38.6% vs. 23.7%, P < 0.0001), and prior coronary artery bypass graft (14.2% vs. 6.7%, P ¼ 0.01), prior PCI (38.5% vs. 21.1%, P < 0.0001) were significantly higher in the patients included in our study compared to the patients randomized in the IABP-SHOCK II Trial. 6 More importantly, 88.4% of our patients received Impella after the first-line therapy with inotropes and/or IABP failed to stabilize their hemodynamics. Despite these high-risk features, the overall survival rate was favorable in our study when compared to other AMI CS series. [12] [13] [14] In our study, survival was significantly higher in the pre-PCI group compared with the post-PCI group. We hypothesized that active unloading of the left ventricle, hemodynamic stabilization of the patients with the Impella prior to undergoing PCI, and more complete revascularization may have led to improved outcomes in our study of AMI CS. Indeed, nonculprit intervention in the setting of CS is a reasonable approach after careful consideration, but may be limited in the clinical setting by worsening hemodynamics. Considering the limitations inherent to the retrospective nature of our investigation, one may argue that patients in the post-PCI group were simply sicker accounting for the higher in-hospital mortality observed in this group. Therefore, the validity of our hypothesis rests largely on the determination of whether: (1) the pre-PCI and post-PCI groups were comparable with respect to baseline characteristics, and (2) whether the prompt initiation of hemodynamic support with Impella may have resulted in treatment differences that may have influenced outcomes.
In our series, patients who received Impella prior to PCI appeared to be as sick as those who received Impella after PCI while accounting for baseline characteristics, although they presented more often with higher-risk features such as diabetes, COPD, PVD, or prior stroke compared to the latter group. Patients in the pre-PCI group had also more extensive coronary artery disease burden, a parameter that has been shown to be associated with increased mortality in CS. 15, 16 Our results suggest that early hemodynamic support prior to PCI has the potential to improve outcomes by enabling stable hemodynamics during the intervention and therefore probably allowing for more complete revascularization. This notion is supported by recent studies in the setting of AMI CS that showed improved outcomes associated with a more complete revascularization strategy. 17 The current societal guidelines support nonculprit PCI at the time of primary PCI in the setting of CS complicating an AMI 2 in the case of severe stenosis in arteries supplying large territory of myocardium. Additionally, active left ventricular unloading and increased forward flow to the systemic circulation may have prevented further hemodynamics deterioration and progression of the downward spiral of shock and increased risk of peri procedural death. This might explain also the large difference in death events between the 2 groups observed within the first 48 hours of PCI (Fig. 3) .
The survival to discharge rate in the post-PCI group was comparable to the results reported in the SHOCK Registry (40.7% vs. 39.8%, P ¼ 0.87) 12 the EURO-SHOCK Impella Registry reported by Lauten et al. 13 or the single-site experience reported by Engström et al. 14 in the SHOCK Registry, 12 IABP was used as the predominant means of hemodynamic support. Unfortunately, IABP use has not been shown to significantly improve hemodynamics 7 or clinical outcomes in the setting of AMI CS. 6, 8, 9 In our study, patients in the post-PCI group had poor outcomes whether medical therapy alone or combined with IABP was used to support the patient hemodynamics during PCI (Fig. 5) . In the EUROSHOCK Impella Registry, an overall survival rate of 35.8% to 30 days was reported by Lauten et al. In a series of 144 patients with refractory CS who had failed first-line therapy with inotropes and IABP support. 13 The authors of this series concluded that Impella 2.5 was implanted in patients with a particularly poor hemodynamic profile and as a lastresort option. Moreover, the number of lesions treated in this study was also comparable to the one observed in the post-PCI group in our study (1.7 AE 1.2 vs. 1.8 AE 1.0); however, the timing of Impella insertion relative to the revascularization procedure was not specified. In the Engström et al.
14 series, the authors reported that the decision to implant Impella was delayed to after PCI and dependent upon the diagnosis of profound CS and confirmed to be refractory to inotropic and IABP support.
In the current era where time to reperfusion has become a quality metric, physicians may adopt a reflexive approach to minimize door-to-balloon time and therefore delay Impella insertion, despite the fact that in general this quality metric does not apply to patients in CS. The results of our study showed that STEMI patients who received Impella pre-PCI had a door-to-balloon time about an hour longer compared with those who received Impella post-PCI, yet had better outcomes. This may further reinforce the assumption that the pre-PCI patients were perhaps more hemodynamically embarrassed and required more time to be stabilized before a PCI could be undertaken compared to the post-PCI group. Indeed, it would not be reasonable for a physician to explant an IABP to insert an Impella and delay the reperfusion if the patient had been stable enough with IABP therapy and conventional measures prior to PCI.
In our study, a majority of patients were admitted in CS and were in shock for more than 6 hours before revascularization with a large number of them being transferred from an outlying facility. These patients do not represent the typical STEMI patients in whom the door-to-balloon time metric has been shown to correlate with outcomes. Indeed, the extended door-to-balloon time did not seem to be a determinant factor in outcomes in this rescue population, suggesting that early stabilization of patients with effective hemodynamic support prior to PCI would be a more appropriate goal rather than the current door-to-balloon time performance metric to affect the outcomes of these sick patients.
Study Limitations. Our study includes several limitations to be considered: (1) the observational approach of our investigation cannot infer a definitive causal relationship between the use of Impella pre-PCI and subsequent reduced mortality; thus, our results will need to be confirmed by a prospective investigation; (2) we cannot exclude the presence of potential patient or site selection biases; and (3) the timing of Impella 2.5 insertion, the completeness of revascularization, and all adjunctive therapies were left to the discretion of the physician. Thus, we cannot totally eliminate the risk of potential treatment biases, and finally, (4) the duration of the follow-up was limited to the in-hospital phase and long-term follow-up could not be obtained.
Conclusion
The results of our study suggest that early initiation of hemodynamic support prior to PCI with Impella 2.5 is associated with more complete revascularization and improved survival in the setting of refractory CS complicating an AMI.
